■ The ventromedial PFC (vmPFC) has been implicated as a crit-
INTRODUCTION
Moral reasoning is one of the most exalted and important human mental faculties. The role of cognitive versus emotional processes in moral reasoning has been debated since Socrates. Kohlberg and Hume are the captains of the two sides in this debate, representing cognitive and emotional theories, respectively. As is the case with reasoning in general (Damasio, 1994) , the importance of emotions in moral reasoning has gained strong empirical support in recent times. Converging research from functional imaging (Schaich Borg, Hynes, Van Horn, & Grafton, 2006; Heekeren, Wartenburger, Schmidt, Schwintowski, & Villringer, 2003; Moll, de Oliveira-Souza, Bramati, & Grafman, 2002; Greene, Sommerville, Nystrom, Darley, & Cohen, 2001) , behavioral (Schnall, Haidt, Clore, & Jordan, 2008; Valdesolo & DeSteno, 2006; Wheatley & Haidt, 2006) , and lesion (Ciaramelli, Muccioli, Làdavas, & di Pellegrino, 2007; Koenigs et al., 2007) studies indicates a crucial role for emotions in moral cognition (for reviews, see Casebeer, 2003) . Neuroanatomically, the ventromedial PFC (vmPFC) has been the focus of much of this work. The vmPFC is extensively connected to the amygdala, insula, hypothalamus, and brainstem and has higher order control over the execution of bodily components of emotions and the encoding of emotional values (Ongur & Price, 2000; Rolls, 2000) . It has been suggested that the OFC is involved in encoding the value of the consequences of actions (Rangel, Camerer, & Montague, 2008) . In addition, patients with vmPFC damage have impairments in social emotions and moral behavior in their everyday lives, for example, in the form of a lack of concern for others, socially inappropriate or callous behavior (e.g., inappropriate or rude comments), reduction in the display of guilt and shame, and exhibiting increased aggressive behavior (Fellows, 2007; Anderson, Barrash, Bechara, & Tranel, 2006; Beer, Oliver, Scabini, & Knight, 2006; Dimitrov, Phipps, Zahn, & Grafman, 1999; Rolls, Hornak, Wade, & McGrath, 1994; Damasio, Tranel, & Damasio, 1990; Eslinger & Damasio, 1985; Stuss & Benson, 1984) .
The vmPFC has been implicated as a critical neural substrate mediating the influence of emotion on moral reasoning. It has been shown that the vmPFC is especially important for making moral judgments about "highconflict" personal moral dilemmas that pit compelling considerations of aggregate welfare against highly emotionally University of Iowa College of Medicine aversive behaviors such as a direct social-emotion arousing harm to others . More generally, a moral dilemma creates a decision space that pits competing moral principles against each other. Drawing on the philosophical literature (Thomson, 1985; Foot, 1978) , researchers have focused on utilitarian dilemmas that require choosing between a "utilitarian" outcome (which maximizes a certain variable, such as the number of lives saved) and a deontological outcome (which is consonant with a moral rule, such as "do not cause harm to others").
It is worth taking a philosophical aside at this point to explain the quotations around "utilitarian." There is a wide range of serious utilitarian philosophical theories, and the concept is used here only in a broad sense to capture the consequentialist "life-maximization" aspect of the moral dilemmas being examined. This is merely to point out that very few utilitarians hold that the morally right thing to do is to simply maximize the number of lives saved and ignore all other variables (e.g., happiness, quality of life, potential for contribution to society; see Rosen, 2003 for further discussion of the variety of classical utilitarian theories). We drop the quotations in the succeeding paragraphs but maintain our sensitivity to this important point.
Previous research has examined different types of utilitarian dilemmas. One distinction that we will focus on involves the nature of the action required to secure the utilitarian outcome. To illustrate this, first consider the classic footbridge dilemma, in which you are on a footbridge over some trolley tracks and see a runaway trolley heading toward five workers on the tracks (Thomson, 1985) . The only way to save the workers is for you to push a large man off of the footbridge onto the tracks, where his weight will stop the train. Most people reject the choice of causing direct harm to this man, although it maximizes the lives saved (Hauser, Cushman, Young, Kang-Xing Jin, & Mikhail, 2007) . Now consider the switch dilemma, which is like footbridge except that you are standing next to the tracks and can flip a switch to turn the trolley onto a sidetrack-the five workers are saved, but the trolley then hits a single worker on the sidetrack (Foot, 1978) . Here most people endorse causing the indirect harm by flipping the switch, sacrificing one life to save five . Greene et al. (2001) conducted a seminal neuroimaging study of moral judgments and found increased vmPFC activity when participants made moral judgments of footbridge-type dilemmas as compared with switch-type dilemmas. In explaining why these dilemmas elicit different directions of utilitarian endorsement and differential vmPFC activation, Greene et al. proposed "personal-ness", or the extent to which the proposed action arouses a social-emotional reaction, as a key factor-the direct physical harm in footbridge is more "personal" than the indirect harm in switch. On the basis of these findings and more recent work, Greene et al. have argued for a dual-process theory of moral judgment, which holds that moral judgments about personal actions are driven by social-emotional processing performed by the vmPFC, which prompts the rejection of direct personal harms (Greene, Morelli, Lowenberg, Nystrom, & Cohen, 2008; Greene, 2007; Greene, Nystrom, Engell, Darley, & Cohen, 2004 ). In contrast, these researchers argue that judgments about impersonal harms are driven by the more cognitive operations of the dorsolateral PFC, which prompts the endorsement of a utilitarian outcome.
In two neuropsychological studies, patients with vmPFC lesions (and severe defects in social emotions) performed similar to comparison participants on impersonal dilemmas, but on personal dilemmas they were significantly more likely to endorse utilitarian outcomes (e.g., pushing a man off of a bridge to save five lives; Ciaramelli et al., 2007; Koenigs et al., 2007) . However, Koenigs et al. (2007) also revealed a crucial nuance-patients with vmPFC lesions made more utilitarian judgments on personal dilemmas that were "high conflict," like footbridge, but not on dilemmas that were "low conflict" but still personal (e.g., a dilemma that involves pushing your boss off of a building to get him out of your life). Both high-and lowconflict dilemmas were rated as having high emotional content; however, the high-conflict dilemmas involved conflict between aversion to direct social-emotion arousing harm on the one hand and motivation to secure aggregate welfare on the other. By contrast, the low-conflict dilemmas lacked this utilitarian motivation. In high-conflict dilemmas, the social-emotional properties (as prompted by a personal action such as having to kill oneʼs baby, and the likely guilt that would normally be associated with that action), along with the fact that the action would maximize the number of lives saved, creates a high degree of competition between the choice options (Greene et al., 2004) . As Greene (2007) summarized it, when a person considers the appropriateness of directly causing harm to secure a utilitarian outcome, as in a high-conflict dilemma, a vmPFC-mediated negative emotional response (or somatic marker; cf. Damasio, 1994) suggests that the action is inappropriate. Because vmPFC patients lack this prepotent emotional response, they are more likely to judge the utilitarian action as appropriate (Greene, 2007; Koenigs et al., 2007) . More specifically, given the vmPFCʼs role in social emotions and in anticipating the future consequences of an action and encoding the value of those consequences (Rangel et al., 2008; Naqvi, Shiv, & Bechara, 2006) , it seems likely that the relevant prepotent emotional responses (that are muted in vmPFC patients) involve anticipating the social-emotional consequences of the action, such as guilt for having performed it or shame as others express their moral disapproval. An abnormal judgment pattern results when this emotional information is not properly activated and factored into the decision, as seems to be the case for vmPFC patients, who have deficits in their ability to use emotion to guide decision making (e.g., Bechara, Damasio, Tranel, & Damasio, 1997) .
However, the research discussed earlier leaves open a couple of interesting questions about the role of the vmPFC in judging high-conflict moral dilemmas, and our hypotheses for the current study build directly out of these unanswered questions. First, previous work has not examined high-conflict dilemmas in which the conflict is generated by an indirectly personal action, in which a social-emotion arousing personal harm is caused by an indirect rather than a direct action (Figure 1 ). Low-conflict dilemmas have been studied in which the action is directly personal but lacking utilitarian justification or in which the action is indirect and impersonal and thus lacking the socialemotional arousal elicited by personal actions. In both cases, one of the ingredients of a high-conflict dilemma is absent (either the utilitarian motivation or the personalness of the action). We reasoned that if indirect dilemmas involved personal social-emotion arousing actions (such as killing oneʼs daughter or causing a gruesome, painful death), even without a direct physical action, they would be high conflict, so long as a utilitarian justification is also present. As Greene et al. (2001) noted, direct harms are not the only type of personal social-emotion arousing actions. Thus, we sought to create high-conflict dilemmas that involved indirect harms.
The previously described version of the switch dilemma exemplifies an indirect dilemma that is low conflict. The utilitarian justification in that scenario is clear (one versus five deaths), and the harm required to secure the utilitarian outcome is indirect and impersonal (not strongly emotionally evocative), so the degree of conflict between the options is low, and social-emotional information does not seem to be a critical factor. However, imagine a version of the switch dilemma in which the one person on the sidetrack is your daughter. Now, presumably, a high degree of conflict is introduced, as you are asked to choose between the death of your one daughter versus the deaths of five workers (all strangers). Such a dilemma involves an action that is indirect-but highly personal-along with a compelling utilitarian imperative, and we reasoned that social-emotional information likely becomes much more important for evaluating the options under this type of scenario (as compared with the low-conflict version of switch as described earlier). Such indirectly personal high-conflict dilemmas have not been investigated previously. On the basis of the idea that the vmPFC is called into play for high-conflict dilemmas in general and not just those that are direct, we hypothesized that patients with vmPFC lesions would be significantly more likely than comparison participants to endorse utilitarian outcomes on high-conflict dilemmas of both the directly personal and the indirectly personal types. (Hypothesis 1)
The second question we addressed relates to the perspective in which a moral dilemma is presented. In most previous work, dilemmas have been framed with the research participant as the proposed actor (we refer to these as "Self " dilemmas), and participants are asked to make Figure 1 . Typology of moral dilemmas relevant to the present study. Gray boxes represent the contributions of the current study. A summary of results from previous studies on vmPFC involvement in moral judgments about each dilemma type is shown below the dashed line. Low-conflict dilemmas have been examined in previous studies and are not explored in the present work. High-conflict dilemmas involve personal actions and utilitarian justifications, pitting an action that results in a highly aversive, social-emotion arousing harm (i.e., a personal action, such as a directly or indirectly caused aversive harm) against a utilitarian outcome. High-conflict directly personal dilemmas in the Self condition have been examined in previous studies; here, we added the Other condition. High-conflict indirectly personal dilemmas are new in the present study. (Two additional types of low-conflict dilemmas are theoretically possible, and we predict would not place demands on the vmPFC, but they were not considered in the present study: (1) a direct, impersonal dilemma (in which the direct harm does not evoke a strong social-emotional reaction) with a utilitarian justification (for possible examples, see Greene et al., 2009) and (2) an indirect, impersonal dilemma without a utilitarian justification.) Example dilemmas: "Footbridge" involves directly pushing a man to his death to save five workers. "Switch" involves flipping a switch, indirectly killing your daughter (high conflict) or a stranger ( low conflict), to save five workers. "Architect" involves pushing your boss off of a building to get him out of your life (Greene et al., 2001 ).
judgments about their own hypothetical behavior (e.g., "Is it appropriate for you to push the man off the footbridge?"). The neural correlates of moral reasoning about dilemmas in which another person is described as the actor (which we will call "Other" dilemmas; for example, "Is it appropriate for John to push the man off the footbridge?") have not been explored ( Figure 1 ). As we test the boundaries of vmPFC involvement in reasoning about moral dilemmas, exploring varied contexts like Self versus Other dilemmas is important. In this vein, if we are correct in reasoning that the vmPFC is critically involved in judging high-conflict dilemmas, then we would expect the vmPFC to be critical for making moral judgments about highconflict dilemmas regardless of perspective (i.e., Self versus Other). Thus, we hypothesized that patients with vmPFC damage would be significantly more likely than comparison participants to endorse utilitarian outcomes on both Self and Other high-conflict directly personal dilemmas. (Hypothesis 2) Furthermore, a behavioral study revealed a Self-Other asymmetry in moral judgment about the switch trolley dilemma (Nadelhoffer & Feltz, 2008) . Specifically, participants were more likely to endorse flipping the switch in the Other condition than in the Self condition. Also, Berthoz, Grezes, Armony, Passingham, and Dolan (2006) reported that a Self-Other contrast yielded greater amygdala activation for social/moral transgressions performed by the Self compared with Other, suggesting that the amygdala is especially important for emotional responses to oneʼs own transgressions. Returning to our current study, we were interested in whether a Self-Other asymmetry would be observed for the high-conflict personal dilemmas-that is, would participants be more likely to endorse a proposed aversive action when the actor was Other versus Self? Predicting a Self-Other asymmetry is based on the idea that there would be greater aversion to imagining oneʼs self-causing a harm than imagining someone else causing a harm, akin to the finding that imagining oneʼs self in pain is more emotionally arousing than imagining another person in pain ( Jackson, Brunet, Meltzoff, & Decety, 2006) . And because this process does not seem to depend on the vmPFC (Berthoz et al., 2006) , we hypothesized that both comparison participants and participants with vmPFC lesions would demonstrate a Self-Other asymmetry, choosing more utilitarian options in the Other condition. (Hypothesis 3)
METHODS Participants
A group of nine patients with bilateral vmPFC damage (vmPFC group) and nine brain-damaged comparison patients (BDC group; with brain lesions located outside the vmPFC and other emotion-related areas, such as the amygdala and the insula) were recruited from the Patient Registry of the University of Iowaʼs Division of Behavioral Neurology and Cognitive Neuroscience. The vmPFC and the BDC groups were comparable on demographic variables, including age, education, and chronicity (time since lesion onset), and all patients were tested in the chronic epoch, three or more months post-lesion onset (Table 1) . Although there was a 5.5-year difference in chronicity, this was not statistically significant, t(16) = 1.60, p = .13. All vmPFC Individual participants are in the vmPFC group. Group mean and SD values are reported below. Age is in years at time of testing. Education is education in years of formal schooling. Chronicity is the time between lesion onset and completion of the present experiment, in years. Handedness reports dominant hand. Etiology describes the cause of neurological lesion (SAH = subarachnoid hemorrhage; ACoA = anterior communicating artery). BDC patients had brain damage due to surgical intervention (n = 4) or cerebrovascular disease (n = 5).
(and no BDC) participantsʼ neuropsychological profiles were remarkable for real-life social-emotional impairment (Table 2) , in the presence of generally intact cognitive abilities (Table 3) . A group of 11 neurologically normal comparison participants (NC group) was recruited from the local community (Table 1) . One-way ANOVAs revealed no significant differences between the vmPFC, the BDC, and the NC groups on age, F(2, 26) = 0.006, p = .994, or education, F(2, 26) = 0.622, p = .545.
Neuroanatomical Analysis
The neuroanatomical analysis of vmPFC patients (Figure 2 ) was based on magnetic resonance data for six participants (those with lesions due to orbito-frontal meningioma resection) and on computerized tomography data for the other three participants (with lesions due to rupture of an anterior communicating artery aneurysm). All neuroimaging data were obtained in the chronic epoch. Each SCR denotes skin conductance responses to emotionally charged stimuli (e.g., pictures of social disasters, mutilations, and nudes, using methods described previously; Damasio et al., 1990) . None of the nine BDC patients had SCR impairments to emotionally charged stimuli. Social Emotions, the patientʼs demonstrated capacity for empathy, embarrassment, and guilt, as determined from reports from a collateral source (spouse or family member) provided on the Iowa Scales of Personality Change (Barrash, Tranel, & Anderson, 2000) and from data from clinical interviews. Acquired Personality Changes, postlesion changes in personality (e.g., irritability, emotional dysregulation, and impulsivity), as determined from data from the Iowa Scales of Personality Change. For Social Emotions and Acquired Personality Changes, the degree of severity is designated in parentheses (1 = mild, 2 = moderate, 3 = severe).
patientʼs lesion was reconstructed in three dimensions using Brainvox (Frank, Damasio, & Grabowski, 1997; Damasio & Frank, 1992) . Using the MAP-3 technique described by Damasio, Tranel, Grabowski, Adolphs, and Damasio (2004) , the lesion contour for each patient was manually warped into a normal template brain. The overlap of lesions in this volume, calculated by the sum of N lesions overlapping on any single voxel, is color coded in Figure 2 .
Experimental Materials and Methods
We crafted a battery of 29 novel moral dilemmas modeled on those previously used in the literature Greene et al., 2001) . The dilemmas were presented in quasi-randomized order on a computer using the Presentation software package (Version 0.70, www.neurobs. com). They were divided into two blocks, and the block order was counterbalanced between participants. For each dilemma, participants answered a moral and a comprehension question (as well as a believability and a punishment question not analyzed here). The moral question asked "How appropriate is it for [the agent] to [perform the proposed utilitarian action]?" For example, in the Self indirectly personal switch scenario, the moral question asked, "How appropriate is it for you to flip the switch, killing your daughter to save the five workers?" Participants answered this question on a 6-point Likert scale from −3 to 3 with no zero response option (−3 = completely inappropriate, −1 = somewhat inappropriate, 1 = somewhat appropriate, 3 = completely appropriate). The comprehension question was designed to ensure that participants understood what was at stake in the dilemma and were able to hold that information on-line while making their judgment. This question asked a yes/no question about a specific feature of the dilemma, for example, "In the scenario you just read, were there 15 workers on the tracks?" Our study included stimuli that contain a variety of properties that may not be equally relevant to all participants (e.g., the scenario of killing oneʼs own child, presumably more relevant to persons with children than persons without children); however, we do not have reason to expect the relevance of these various properties to vary systematically across our participant groups; the groups are so demographically similar that it is highly unlikely that such properties would have differential relevance to one group versus any other.
High-conflict Direct versus Indirect Dilemmas
In the battery of dilemmas, we presented 5 high-conflict indirectly personal moral dilemmas and 12 high-conflict directly personal dilemmas, allowing for a comparison of indirect versus direct high-conflict dilemmas. High-conflict dilemmas are those that incorporate an emotionally charged personal action (see Emotion ratings section) as well as a utilitarian justification for performing the action (viz., maximizing the number of lives saved). All of these dilemmas were in the Self condition.
Self versus Other
In addition to the 12 high-conflict directly personal Self dilemmas just mentioned, the dilemma battery also contained 12 high-conflict directly personal Other dilemmas, which involved another person (e.g., "Bob") as the proposed actor. This manipulation allowed a comparison of Self and Other high-conflict dilemmas. Importantly, the Self and Other dilemmas had comparable hypothetical stakes; there was an equal number of Self and Other dilemmas requiring the killing of the participantʼs child to secure the utilitarian outcome, an equal number in which the participantʼs own life was at stake, and an equal number in which the participantʼs childrenʼs lives were at stake.
Emotion Ratings
To determine whether the dilemmas differed in their emotional salience, we acquired emotion ratings from eight of the normal comparison participants. ( We only collected emotion ratings from normal participants because these data were being used to ensure that the dilemmas were well equated on emotional salience.) For each of our 29 dilemmas, participants rated how emotionally upsetting the proposed social-emotional harm (e.g., pushing a person off of a footbridge) was on a 7-point Likert scale (from 1 = not at all or slightly emotionally upsetting to 7 = most emotionally abhorrent act I can imagine). All dilemmas had mean emotion ratings greater than 6, and a repeated measures ANOVA revealed no significant effect of dilemma type (indirect-self, direct-self, and directother) on emotion ratings, F(2, 12) = 0.641, p = .544. The dilemmas were well equated on their emotional salience.
Data Analysis
Participantsʼ responses to the moral question were dichotomized for all analyses to reflect whether the participant endorsed the proposed utilitarian action. All negative responses, from −3 to −1, were coded as a rejection of the action, whereas all positive responses, from 1 to 3, were coded as an endorsement of the action. Data from one NC participant were removed for missing 10 of the 29 comprehension questions. Of the remaining participants, one missed 7 comprehension questions and no others missed more than 4. For all analyses, we removed individual trials in which the participant missed the comprehension question. Also, two participants were removed for outlier response patterns. In both cases, the patterns were highly aberrant and unlike any we have seen in brain-damaged patients or in healthy comparison participants: One BDC was discarded for endorsing the utilitarian response in all directly personal dilemmas, and one NC was discarded for endorsing the utilitarian response in all direct-other dilemmas while also having by far the highest proportion of endorsement for the other dilemma types.
We first determined whether there was a difference between the comparison groupsʼ moral responses using a 3 (Dilemma Type: indirect-self, direct-self, direct-other) × 2 (Group: NC, BDC) repeated measures ANOVA, with dichotomized responses to the moral question as the dependent variable. No main effect of Group, F(1, 15) = 1.474, p = .243, or Interaction Effect, F(1, 15) = 0.36, p = .7, was observed; hence, the NC and the BDC groups were combined to form a single comparison (Comp) group to increase statistical power. We then compared the Comp and the vmPFC groups using a similar 3 (Dilemma Type: indirect-self, direct-self, direct-other) × 2 (Group: vmPFC, Comp) repeated measures ANOVA. A main effect of Group and no Interaction was predicted in accordance with Hypotheses 1 and 2.
To further explore Hypothesis 1, that the vmPFC group would be more likely than comparison participants to endorse both directly personal and indirectly personal utilitarian actions on high-conflict Self dilemmas, we ran a planned 2 (Dilemma Type: indirect-self, direct-self ) × 2 (Group: vmPFC, Comp) repeated measures ANOVA. A main effect of Group was predicted, but not a main effect of dilemma type nor an Interaction.
To further explore Hypotheses 2 and 3, that the vmPFC group would be more likely to endorse utilitarian outcomes on both Self and Other dilemmas and that a SelfOther bias would be observed in all participants, we ran a planned 2 (Perspective: direct-self, direct-other) × 2 (Group: vmPFC, Comp) repeated measures ANOVA, with main effects of Group (Hypothesis 2) and Perspective (Hypothesis 3) but no Interaction predicted.
RESULTS

Patients with vmPFC Damage Show Increased Utilitarian Judgments
In support of Hypotheses 1 and 2, the 3 (Dilemma Type: indirect-self, direct-self, direct-other) × 2 (Group: vmPFC, Comp) repeated measures ANOVA yielded a main effect of Group, F(1, 24) = 6.639, p = .017, and no effect of Dilemma Type nor an interaction, revealing that the vmPFC group was more likely than the Comp group to endorse utilitarian outcomes (see Figure 3) .
High-conflict Direct versus Indirect Dilemmas
In support of Hypothesis 1, the planned 2 (Dilemma Type: indirect-self, direct-self ) × 2 (Group: vmPFC, Comp) repeated measures ANOVA yielded a main effect of Group, F(1, 24) = 5.67, p = .026 (Figure 3) , reflecting the fact that the vmPFC group endorsed utilitarian actions more frequently than the comparison group. There was a marginally significant main effect of Dilemma Type, F(1, 24) = 3.11, p = .09, and no Interaction effect ( p = .668), indicating that the vmPFC > Comp effect is not affected by whether the high-conflict dilemmas are indirect or direct.
Self versus Other
In support of Hypothesis 2, the planned 2 (Perspective: direct-self, direct-other) × 2 (Group: vmPFC, Comp) repeated measures ANOVA yielded a main effect of Group, revealing that the vmPFC group was more likely than the Comp group to endorse utilitarian outcomes, F(1, 24) = 5.427, p = .029. And in support of Hypothesis 3, there was a significant effect of Perspective, with both groups being more likely to endorse the utilitarian outcome in Other as compared with Self dilemmas, revealing a SelfOther bias, F(1, 24) = 17.455, p < .001 (Figure 3) . Lastly, the Interaction effect was not significant ( p = .966), suggesting that the Self-Other bias was of the same magnitude for both the Comp and vmPFC groups.
DISCUSSION
Using a novel set of moral dilemmas, we replicated the finding that the vmPFC is critical for making normal moral judgments about high-conflict directly personal dilemmas . Importantly, we have also extended this to indirectly personal dilemmas, and these new findings indicate that the vmPFC is a critical neural substrate for making normal moral judgments about both direct and indirect high-conflict dilemmas. Moreover, we have extended this finding beyond first-person dilemmas to show that the vmPFC is critical for normal moral judgments about both Self and Other directly personal dilemmas. Thus, it seems that the vmPFC is critical for normal reasoning about moral dilemmas when there is a high degree of conflict and social emotions are important factors in evaluating the choice options, regardless of whether the dilemmas are direct versus indirect, or Self versus Other. This is an important extension of previous work by Greene et al. (2004) and from our laboratory , and it puts further empirical teeth in the ideas set forth by Koenigs et al. (2007) and by Greene (2007) , in regard to the neural mechanisms behind these phenomena. Greene et al. (2001) initially suggested that increased emotional salience drove vmPFC involvement in moral judgments about directly personal dilemmas. Subsequent lesion work bolstered and refined this idea, suggesting that the crucial factor (vis-à-vis vmPFC involvement) was that the dilemmas were high conflict-i.e., there was a high degree of competition between the choice options due to conflict between a personal social-emotional harm and a utilitarian outcome. This conflict creates a demand to integrate social-emotional information into the decisionmaking process (Greene, 2007; Koenigs et al., 2007) , thus prompting vmPFC involvement. In the present study, we have provided further support for this notion by showing that the vmPFC is critical in the formation of normal moral judgments about such high-conflict moral dilemmas, regardless of whether the social-emotion arousing harmful action is of the direct or indirect type.
Participants were marginally more likely to endorse utilitarian outcomes in indirectly as compared with directly personal dilemmas, suggesting that the direct nature of the proposed actions may have influenced participantsʼ moral judgments (despite our having attempted to equate the personal-ness and emotional salience of the direct and indirect dilemmas). Greene et al. have recently argued that moral judgment is strongly influenced by whether the action being judged involves "personal force" and intention, which is a property of most of our direct moral dilemmas (Greene et al., 2009) , and this may account for the marginal direct-indirect difference in moral judgment-the personal force involved in most direct actions may have driven participants away from the utilitarian response more than the indirect actions which lacked personal force. Considering the nonsignificant Interaction effect in the present experiment (vmPFC patients were swayed by the indirect-direct distinction to a comparable degree as comparison participants), it seems that the vmPFC may not be crucial for the effect of "physical actions" on moral judgment.
Moral reasoning has often been viewed as a special faculty, marked by its dependence on accounting for the interests of others, in contrast to other reasoning processes Figure 3 . Moral judgments for high-conflict dilemmas of the indirect-self, direct-self, and direct-other type. The proportion of endorsement of the utilitarian option is shown, with error bars reflecting SEM. The proportion of endorsement was significantly greater for the vmPFC group than the comparison group across all three types of dilemmas, and no interaction effect was observed. In planned follow-up analyses, we found that (1) when comparing indirect-self versus direct-self dilemmas, there was a main effect of group (vmPFC > Comp) and a trend toward higher proportion of endorsement on indirect as compared with direct dilemmas, but no interaction. (2) When comparing direct-self versus direct-other dilemmas, there was a main effect of group (vmPFC > Comp) and a main effect of perspective (Other > Self ), but no interaction.
that focus on self-interest, such as economic or ordinary reasoning. Moral reasoning does involve processing social information, for example, about othersʼ mental states and intentions (Young et al., 2010; Young, Cushman, Hauser, & Saxe, 2007; Casebeer, 2003) . However, there are important features that moral reasoning has in common with other types of reasoning (Reyna & Casillas, 2009 ). In particular, the vmPFCʼs role in judging high-conflict moral dilemmas seems to be essentially the same role it plays in other complex reasoning processes. For example, in complex decision making with pecuniary implications, such as on the Iowa Gambling Task, the vmPFC is critical for integrating emotional information into the reasoning process (Naqvi et al., 2006; Bechara et al., 1997) . In particular, the vmPFC plays this role when the anticipation of future consequences is used to form a judgment (Naqvi et al., 2006) . The high-conflict moral dilemmas studied here, both direct and indirect, have this feature as their hallmark; the anticipation of serious social-emotional consequences of the proposed personal action (e.g., living with the knowledge that you killed your daughter or pushed a person off of a footbridge) seems to be required to reason normally about these dilemmas. By anticipation, we do not mean to suggest that the emotion is not presently experienced, but only that the emotion is a projection into the future on the basis of how one would feel if she performed the action rather than an emotion that is based on a decision already made or an action already performed. Although this "anticipation hypothesis" is our preferred interpretation, our data do not directly adjudicate between this interpretation and one in which the emotion is not anticipatory (e.g., a feeling of disgust elicited by reading about the aversive personal action). Either way, in contrast to highconflict dilemmas, there is a clear lack of such socialemotional demands (anticipatory or not) in low-conflict dilemmas. Although directly personal low-conflict dilemmas (e.g., Architect described in Figure 1 ) involve socialemotional harms, this information is not critical to the decision process as there is no countervailing force or competition in the choice options-one need not be driven by the social-emotional information to respond normally in such cases. Also in support of the notion that the vmPFCʼs involvement in moral judgment is similar to its role in other forms of decision making, behavioral studies have shown moral judgments to be susceptible to many of the same biases as other judgment and decision making processes (Uhlmann, Pizarro, Tannenbaum, & Ditto, 2009; Petrinovich & OʼNeill, 1996; Tversky & Kahneman, 1981) . The Self-Other asymmetry revealed by the present study is another example of a bias that affects many other types of judgment and also influences moral judgment (Nadelhoffer & Feltz, 2008; Jones & Nisbett, 1972) .
The suggestion that moral reasoning involves some of the same mechanisms as other complex forms of reasoning is by no means new (Reyna & Casillas, 2009) , and it does not diminish the important and special role moral reasoning plays in the human mind and in human societies. It does, however, suggest that, at least at a gross neural level, moral reasoning may not be so different from other complex reasoning processes. More research is warranted to further explore this issue. It is critical to understand the psychological processes and neural mechanisms involved in moral reasoning, how they may differ from other reasoning processes, and how they may vary as moral reasoning occurs in varying contexts. For example, it is unclear whether the involvement of the vmPFC in high-conflict utilitarian moral dilemmas will generalize to other types of moral dilemmas and to other nondilemmatic moral contexts. In regard to this point, one specific limitation of the present study is that we did not compare Self and Other indirectly personal dilemmas. Future research should test such dilemmas to determine if our observed pattern of results holds up, suggesting, as we would predict, that the vmPFC is critical for reasoning about Self and Other high-conflict dilemmas of the indirect type in addition to the direct type. An additional limitation of the present study is the use of hypothetical moral dilemmas. Although such dilemmas are commonly used in moral reasoning research, they are far removed from real-world moral scenarios, and more work is needed on the neural basis of real-world and everyday moral reasoning (Monin, Pizarro, & Beer, 2007) . The lesion method will play an important role in this line of research because it is well suited for studying complex human behavior in realworld contexts.
Finally, extending the work of Nadelhoffer and Feltz (2008) and Berthoz et al. (2006) , our findings reveal a Self-Other asymmetry in moral judgments about highconflict dilemmas. And we further show that this asymmetry is insensitive to vmPFC damage, as all groups showed the same magnitude of Self-Other asymmetry, endorsing significantly more utilitarian actions in response to dilemmas in the Other condition as compared with those in the Self condition. In other words, participants were more likely to judge it appropriate for "Bob" than for the participant herself to cause a harm to secure a utilitarian outcome. Thus, shifting from judging the appropriateness of oneʼs own actions to judging the actions of others results in the adoption of a more utilitarian stance, a phenomenon similar to what utilitarian philosophers call "impersonal benevolence," in which utilitarian judgments result when one makes moral judgments without regard for her own personal stakes (for a philosophical discussion of such Self-Other asymmetries in ethics, see Slote, 1984) . The Self-Other asymmetry in moral judgment may be due to a simple increased aversion to imagining oneʼs self causing the harm as compared with imagining another person causing the harm. This idea is compatible with functional neuroimaging findings from Berthoz et al. (2006) , who emphasized the amygdala as having a key role in the Self-Other distinction in moral cognition-the amygdala, more so than the vmPFC, is strongly implicated in basic emotions and arousal of the type that may be fundamental to the Self-Other asymmetry we have found. One limitation of the present study that warrants caution in regard to the observed Self-Other asymmetry is that we did not use identical dilemmas in the Self and Other conditions, meaning that it is possible that a difference in the dilemmas between conditions is responsible for the asymmetry in judgments. However, this does not seem to be the best explanation of the finding, as the Self and Other dilemmas were equated on several critical factors, like the emotional salience of the proposed actions, how often they involved risk to the lives of the participants and/or their children and how often they required the death of the participantsʼ own children to secure the utilitarian outcome.
In sum, we show that patients with vmPFC lesions are more likely than comparison participants to endorse utilitarian outcomes on high-conflict dilemmas (1) regardless of whether the dilemmas are of the direct or indirect type and (2) regardless of whether directly personal dilemmas are in the Self or Other perspective. Moreover, both comparison participants and participants with vmPFC lesions were more likely to endorse utilitarian outcomes on highconflict directly personal dilemmas framed in the Other perspective as compared with those framed in the Self perspective. Taken together, these results suggest that the vmPFC is critical for reasoning about moral dilemmas in which anticipating the social-emotional consequences of an action is important for forming a moral judgment.
